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Influence of P-donor on the phosphorylation of 2 S11 30 g mL -1 kanamycin was inoculated with E. coli cells harboring the corresponding plasmid followed by shaking overnight at 37 °C and 120 rpm. Then the whole amount was transferred to 1 L LB medium containing 30 g mL -1 kanamycin and the culture was grown at 37 °C and 120 rpm until an OD of ~0.8 was reached. Expression was initiated by induction with 0.5 mM IPTG
(isopropyl -D-1-thiogalactopyranoside) followed by shaking at 20 °C and 120 rpm overnight.
PhoN-Sf was expressed using autoinduction medium as described. [4] For 670 mL medium, the following sterilized mixtures were combined in a 2 L shaking flask: 618 mL aqueous solution of yeast extract (16.5 g L -1 final concentration) and tryptone (33 g L -1 final concentration), 13.4 mL aqueous solution of glycerol (25 w/v%), glucose (2.5 w/v%) and lactose (10 w/v%), 33. Magnesium supplementation study with AphA-St
The above described p-NPP assay was performed using 100 mM maleate or 250 mM PP i buffer pH 6.0 supplemented with 0, 1 or 10 mM MgCl 2 and 50 g mL -1 enzyme. Results are shown in Fig. S2 . 
General conditions for enzymatic transphosphorylation
A standard reaction mixture contained substrate and P-donor in H 2 O at a concentration indicated in the footnotes of tables and captions of figures and 1% DMSO as internal standard in 1 mL final volume at a given pH. The reactions were initiated by the addition of 50 g mL -1 enzyme and were shaken at 30 °C and 600 rpm. 25 L samples were taken at intervals and diluted to 500 L with 5 mM H 2 SO 4 followed by injection to HPLC-RI equipped with an Alltech OA-1000 or an Alltech IOA-2000 cation exchanger column (for conditions and retention times see Table S1 ).
With substrates 6 and 11-19 as well as to determine the regioselectivity on 8, parallel experiments were run and at intervals one sample was quenched by adding 30 L conc. HCl. 600 L of the S5 mixture was added to 100 L D 2 O and 31 P-NMR spectrum was taken using inverse gated decoupling.
For the determination of enantiomeric excess of 10, 25 L samples were taken from the reaction mixture at intervals and extracted with 475 L EtOAc followed by addition of 10 L n/a n/a 4 13.4 5.1 (4.3) [d] n/a 58.0 23.6 (20.2)
21.1 5.9 n/a n/a 7 n/a n/a 30.2 7.5 n/a 8 12.6 5.1/5.3 n/a n/a 9 21.9 6.8 n/a n/a 10 23.9 6.4 n/a n/a Figures S3 and S4 . Analogous products gave similar chemical shifts.
The ratio of mono-versus bis-phosphorylated product was determined by HPLC-RI equipped with a Rezex OA (for 2 and 4) or an Alltech OA-1000 cation exchanger column (for 3) according to area ratios on chromatograms (for conditions and retention times see Table S1 ). 
Conv. (%)
[c]
Reaction conditions: 500 mM 2, phosphate donor as indicated, 50 g mL -1 PhoN-Sf, pH as indicated, 1 mL volume, 1% DMSO as internal standard, 30
°C, 600 rpm shaking, 16.5 h.
[a] Ideal (maximum obtainable) product to P i ratio is 1:1 with PP i and 2:1 with PPP i ; [b] cons. donor : consumption of P-donor calculated as follows: (c prod + c Pi )/c theoretical max. Pi ×100; [c] conv.: conversion of substrate with respect to theoretical maximum.
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Influence of P-donor on the phosphorylation of 2
Fig. S8
Product formation in the phosphorylation of 2 with PhoN-Sf and different P-donors.
Conditions: 500 mM 2, 50 g mL -1 PhoN-Sf, pH 4.2, 1 mL volume, 1% DMSO as internal standard, 30 °C, 600 rpm shaking. Conditions: 500 mM 2, 50 g mL -1 PhoN-Se, pH 4.2, 1 mL volume, 1% DMSO as internal standard, 30 °C, 600 rpm shaking.
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Fig. S10
Product formation in the phosphorylation of 2 with PiACP and different P-donors.
Conditions: 500 mM 2, 50 g mL -1 PiACP, pH 4.2, 1 mL volume, 1% DMSO as internal standard, 30 °C, 600 rpm shaking.
Immobilization of PhoN-Sf and PiACP
Before immobilization, Sepabeads EC-HA/M and Relizyme HA403/M beads were activated via functionalization with glutaraldehyde. The beads (100 or 300 mg wet beads) were mixed with 20 mM K-P i buffer pH 8 (1 or 3 mL) and 40 L 25% glutaraldehyde (~0.4 mM). The mixture was shaken (120 rpm) for 1 h at room temperature. Afterwards the beads were washed with 1 mL of the buffer and shaken (120 rpm) for 30 minutes at room temperature. The latter step was repeated three times, then the beads were stored in 100 mM K-P i buffer at pH 7 and 4 °C or used immediately for immobilization.
To the beads (100 or 300 mg wet beads) was added 1.25 M K-P i buffer pH 8 (5 or 15 mL) and the enzyme (100 or 300 U). The mixture was shaken at room temperature and 120 rpm for 6 hours. The immobilization process was followed by measuring the activity of the supernatant (10 L) at various time points. When no more decrease in the supernatant activity was observed, the beads were washed with 1 mL H 2 O (2×) and 1 mL 2 M glycine buffer pH 8.5 (1×) and shaken in this buffer overnight at room temperature and 120 rpm. The supernatant was removed; the beads were washed with 1 mL H 2 O (2×) and 1 mL 100 mM K-P i buffer pH 7 (1×) and stored in this buffer at 4 °C. [a] Total immobilized activity/total starting activity × 100; [b] total observed activity/total immobilized activity × 100; [c] total observed activity/total starting activity × 100. [5] Determination of the weight of the settled wet beads
S13
In order to determine the specific activity of the immobilized preparations, it is necessary to know the weight of the settled wet beads (Table S4) 
Preparative-scale synthesis of 4-hydroxybutyl phosphate
An aqueous solution of 500 mM 2 and 250 mM PP i at pH 4.2 was pumped through a column (50 × 4.6 mm) containing PhoN-Sf immobilized on Relizyme HA403/M resin (300 mg wet bead) with a S14 flow rate of 0.3 mL min -1 at 30 °C. To the recovered product mixture (220 mL, 150 mM 4-hydroxybutyl phosphate, 60% conversion of maximum transferable phosphate) was added 500 mM Ba(OAc) 2 and the pH was adjusted to 9. After stirring for an hour at room temperature, the mixture was filtered and 3 volumes of EtOH were added to the filtrate. The product was allowed to precipitate overnight at 4 °C. Filtration and drying at room temperature resulted in 6.86 g (22.5 mmol) of 4-hydroxybutyl phosphate barium salt (41% yield of maximum transferable phosphate). 1 H, 13 C and 31 P-NMR spectra of product recorded in CH 3 COOD are shown in Fig. S11 , S12 and S13, respectively and confirmed the purity of the product. 1 ). 
